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Abstract
It has been reported that reality evaluation and recognition are impaired in patients with
schizophrenia and these impairments are related to the severity of psychotic symptoms.
The current study aimed to investigate the neural basis of impairments in reality evaluation
and recognition and their relationships with cognitive insight in schizophrenia. During func-
tional magnetic resonance imaging, 20 patients with schizophrenia and 20 healthy controls
performed a set of reality evaluation and recognition tasks, in which subjects judged wheth-
er scenes in a series of drawings were real or unreal and whether they were familiar or
novel. During reality evaluation, patients showed decreased activity in various regions in-
cluding the inferior parietal lobule, retrosplenial cortex and parahippocampal gyrus, com-
pared with controls. Particularly, parahippocampal gyrus activity was correlated with the
severity of positive symptoms in patients. During recognition, patients also exhibited de-
creased activity in various regions, including the dorsolateral prefrontal cortex, inferior parie-
tal lobule and posterior cingulate cortex. Particularly, inferior parietal lobule activity and
posterior cingulate cortex activity were correlated with cognitive insight in patients. These
findings provide evidence that neural impairments in reality evaluation and recognition are
related to psychotic symptoms. Anomalous appraisal of context by dysfunctions in the con-
text network may contribute to impairments in the reality processing in schizophrenia, and
abnormal declarative memory processes may be involved in cognitive insight in patients
with schizophrenia.
Introduction
Reality evaluation is defined as the process of discriminating between things existing outside of
oneself and figments of others’ imagination [1]. Our previous study demonstrated that patients
with schizophrenia showed impairment in reality evaluation, and this impairment was related
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to positive symptoms such as hallucinations and delusions [1]. Since hallucinations and delu-
sions may stem from a reality evaluation deficit, determining the neural correlates of the reality
evaluation process is important for investigating the pathophysiology of schizophrenia.
During the reality evaluation process, people typically perceive complex features of objects
and backgrounds, examine their contexts, store the contexts in short-term memory and com-
pare the contexts with social norms of reality in memories. Thus, the processing of contextual
information and relational reasoning, or the ability to consider relationships between multiple
mental representations [2], is needed by subjects during the reality evaluation process. More
specifically, the context network underlying the appraisal and processing of context mainly in-
cludes the medial temporal lobe, retrosplenial cortex and posterior parietal cortex [3–4]. In
schizophrenia, decreased hippocampal activity during the processing of contextual information
has been reported [5]. In addition, relational reasoning is supported by a network of frontopar-
ietal regions including the frontopolar cortex, dorsolateral prefrontal cortex, inferior frontal
gyrus, and inferior parietal lobule [6–8]. A previous neuroimaging study showed abnormal rea-
soning-related activities in these brain regions in patients with schizophrenia [9].
The reality evaluation process can be related to hallucinations and delusions via abnormal
memory processes of real/unreal stimuli. For example, a liberal response bias, a tendency to re-
port imaginary events as real, in a recognition memory task has been reported to be associated
with hallucinations [10] and delusions [11]. Because a liberal response bias may stem from a
general deficit in the processing of contextual information [12] which may be a prerequisite for
reality evaluation, reality evaluation is possibly related to memory processes in schizophrenia.
Deficits in memory processes were also suggested to contribute to poor cognitive insight in
psychotic patients [13]. Given that the level of cognitive insight was correlated with the severity
of psychotic symptoms in schizophrenia [14], anomalous memory processes may underlie the
formation of psychotic symptoms. Additionally, a discriminability, accuracy in discriminating
targets from distracters, was also found to be related to hallucinations [1]. This finding suggests
that low discriminability may make the real stimuli remain less vividly in memories, leading to
distortion of reality norms, which then can contribute to the formation or maintenance of hal-
lucinations and delusions. A previous finding that hippocampal hyperactivity during encoding
was related to memory deficits and positive symptoms in schizophrenia [15] further supports
the association between memory processes and psychotic symptoms.
The aim of this study was to investigate a functional neural basis of impairments in reality
evaluation and recognition in schizophrenia using functional magnetic resonance imaging
(fMRI). We hypothesized that patients with schizophrenia would exhibit (a) impairment in re-
ality evaluation due to a dysfunction of brain regions related to the processing of context infor-
mation and relational reasoning; and (b) decreased discriminability and increased liberal
response bias due to a dysfunction of memory-related regions during recognition, which
would be related to cognitive insight. Additionally, it was hypothesized that altered activities
during reality evaluation and recognition in the patients would be interrelated and be associat-
ed with the severity of psychotic symptoms.
Materials and Methods
Participants and Clinical Measurements
Twenty patients with schizophrenia (10 males) and 20 healthy controls (10 males) participated
in this study. All patients were recruited at psychiatric outpatient clinics and were in stable
phases of illness. The exclusive diagnoses of schizophrenia in the patient group and the exclu-
sions of psychiatric disorders in the control group were made using the Structural Clinical In-
terview for DSM-IV [16]. Exclusion criteria included the presence of neurological or
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significant medical illness and current or past substance abuse or dependence. This study was
approved by the institutional review board of Yonsei University Severance Hospital. Written
informed consent was obtained from all participants before the study began.
The intelligence scores were assessed by Raven’s progressive matrices [17]. Memory func-
tion was assessed using the Rey auditory verbal learning test (RAVLT) [18] and Rey complex
figure test (RCFT) [19]. Cognitive insight (i.e., subjects’ self-reflectiveness and their overconfi-
dence in their interpretation of their experiences) was measured using the Beck Cognitive In-
sight Scale (BCIS) [20], a 15-item self-report questionnaire, consisting of 9 items for self-
reflectiveness and 6 items for self-certainty. A composite index of the BCIS for cognitive insight
was calculated by subtracting the self-certainty subscale score from the self-reflectiveness sub-
scale score. Patients’ clinical symptoms were rated using the Positive and Negative Syndrome
Scale (PANSS) [21].
Behavioral Task
The fMRI task of event-related design was divided into two parts (Fig. 1): (i) a reality evaluation
task, and (ii) a recognition task. We used a previously validated set of 36 real and 36 unreal pic-
tures [1] as stimuli. In the reality evaluation task, 18 real and 18 unreal pictures were presented
twice serially and randomly to subjects, who were instructed to click the left mouse button if
the picture was perceived as real or the right mouse button if the picture was perceived as unre-
al. To enhance the ecological validity of the procedure, subjects were not informed that
Fig 1. Sequences of the behavioral tasks.
doi:10.1371/journal.pone.0120478.g001
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recognition would be assessed on the basis of task performance. The recognition task was per-
formed 15 min after the reality evaluation task. While viewing real or unreal pictures, subjects
were instructed to click the left mouse button if the picture had been presented during the reali-
ty evaluation task (OLD) or the right mouse button if the picture had not been presented
(NEW). Thirty six real (18 OLD and 18 NEW) and 36 unreal (18 OLD and 18 NEW) pictures
were used in the recognition task. The orders of presentation of the pictures were counterbal-
anced across subjects. In both tasks, all pictures were presented for 3 sec, and the null events
were varied from 0.75 sec to 14.25 sec. After fMRI scanning, subjects were instructed to rate va-
lence of the pictures (positive: 1, neutral: 0, and negative: –1).
Image Acquisition
MRI data were acquired on a 3 T MR scanner (Intra Achieva; Philips Medical System, Best,
Netherlands). Thirty-eight contiguous 3.5-mm-thick axial slices were collected using a single-
shot echo planar imaging sequence depicting the blood-oxygenation-level-dependent signal
(echo time = 30 ms; repetition time = 3,000 ms; flip angle = 90°; field of view = 220 mm; and
image matrix = 128×128). Axial 1.2-mm-thick T1-weighted images (echo time = 4.6 ms; repeti-
tion time = 9.703 ms; flip angle = 30°; field of view = 220 mm; and image matrix = 256×256)
were also collected.
Behavioral Data Analysis
Clinical data were compared between groups using two-sample t-tests. Behavioral performance
of the reality evaluation task was measured by the level of accuracy, whereas that of the recogni-
tion task was counted by discriminability and response bias in accordance with the Two-High
Threshold Theory [22]. Discriminability reflected accuracy in discriminating target pictures
from distracters (rate of correct recognitions of target pictures minus rate of false recognitions
of nontarget pictures). Response bias, the tendency to make false recognitions of unpresented
pictures, was calculated as FA/(1−(H—FA)): the hit (H) and false alarm rates (FA). Values
greater than 0.5 were classified as “liberal” bias (i.e., a tendency to say “yes” when unsure),
whereas values below 0.5 were classified as “conservative” bias (i.e., a tendency to say “no”
when unsure). These behavioral performances and valence rating were analyzed by repeated
measures ANOVA with the group (patients or controls) as the between-subject factor and the
condition (real or unreal) as the within subject factor, which was followed by post hoc least sig-
nificant difference (LSD) test. In addition, discriminability and response bias were reanalyzed
using RCFT delayed recall score as a covariate. Statistical significance was set at P< 0.05.
Neuroimaging Data Analysis
Preprocessing and analysis of the neuroimaging data were performed using Statistical Paramet-
ric Mapping 8 (SPM8). The first four volumes of the functional data were discarded to allow
signal equilibration. After correcting for slice acquisition time differences, the functional im-
ages were realigned to eliminate head movement effects, co-registered to the T1-weighted
image, and spatially normalized using nonlinear transformation functions, which were ob-
tained by registering individual T1-weighted images to a Montreal Neurological Institute
(MNI) template. These normalized data were smoothed with an 8 mm full-width-at-half-maxi-
mum Gaussian filter.
Individual contrast maps were generated by contrasting the unreal condition with the real
condition for each of the reality evaluation and recognition tasks at the first-level analysis and
the movement parameters obtained from the realignment procedure were included as regres-
sors to account for any residual effects of head motion. Linear contrasts of subject-specific
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parameter estimates for conditions of interest were taken to a second-level random-effects
model. Second-level analyses were performed by 2 (group) x 2 (condition) full factorial model,
in which a covariate was the RCFT copy score for the reality evaluation task and the RCFT de-
layed recall score for the recognition task. The statistical significance was set at uncorrected
P< 0.001 with more than 10 contiguous voxels to grasp the trend of group differences, and
then 10,000 Monte Carlo simulations were conducted and the critical cluster size was deter-
mined at family-wise error-corrected P< 0.05 via AlphaSim (http://afni.nimh.nih.gov/afni/
doc/manual/AlphaSim) to correct for the problem of multiple comparisons. The percent signal
change (PSC) in the clusters showing significant main effect of group or group x condition in-
teraction was calculated using MarsBaR (version 0.42, http://marsbar.sourceforge.net/). The
PSC in the clusters for the contrast of unreal versus real condition was used for the subsequent
correlation analyses. Spearman correlation analyses were performed between the regional PSCs
and BCIS scores in patients and controls, separately, and between the regional PSCs and
PANSS positive scores in patients. Correlation analyses were also performed between the re-
gional PSCs during reality evaluation and those during recognition in each group.
Results
Demographic and Clinical Characteristics
There were no significant differences between the patient and control groups in terms of gen-
der and age (patients, 37.1 ± 6.5 years; controls, 36.7 ± 7.1 years). Patients (13.6 ± 1.6 years)
had received significantly less years of education than controls (14.9 ± 1.8 years, P = 0.03). The
mean ratings of positive, negative, and general symptom subscale scores of the PANSS in pa-
tients were 12.4 ± 4.6, 13.0 ± 4.7, and 27.1 ± 7.6, respectively. Their mean duration of illness
was 11.6 ± 5.1 years and their mean hospitalization number was 3.2 ± 1.7. All patients were
medicated with one or two antipsychotics, and the mean chlorpromazine-equivalent dose for
the medications was 399.6 ± 291.9 mg.
Cognitive and Behavioral Measurements
As shown in Table 1, the raw score of the Raven’s Progressive Matrices did not differ between
patients and controls. However, patients showed significantly lower RAVLT recognition
scores (P< 0.001) and RCFT immediate (P< 0.001) and delayed recall scores (P< 0.001)
than controls. The RCFT copy scores were not different between the two groups. The BCIS
self-certainty, self-reflectiveness and composite scores did not show any group difference.
For reality evaluation accuracy, there was a significant main effect of group [F(1,37) = 5.53,
P = 0.02], but no significant main effect of condition or interaction effect of group x condition.
Accuracy was significantly lower in patients than in controls (P = 0.02). Regarding discrimina-
bility, there was a significant main effect of group [F(1,37) = 11.69, P = 0.002], but no signifi-
cant main effect of condition or interaction effect of group x condition. Discriminability was
significantly lower in patients than in controls (P = 0.002). After controlling for the RCFT de-
layed recall score, these results for discriminability were not changed with only a significant
main effect of group [F(1,35) = 9.14, P = 0.005]. For response bias, there was a significant main
effect of condition [F(1,37) = 39.74, P< 0.001] and there was a significant interaction effect of
group x condition [F(1,37) = 5.35, P = 0.03], but no significant main effect of group. Response
bias was significantly higher for the real condition than for the unreal condition in controls
(P< 0.001), but not significantly different in patients. After controlling for the RCFT delayed
recall score, there were no significant main effect of group or condition and interaction effect of
group x condition for response bias. In addition, the demographic variables including years of
education and cognitive performances showed no significant correlation in each group.
Reality Processing and Cognitive Insight in Schizophrenia
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For valence of the stimulus pictures, there was a significant main effect of condition [F(1,37) =
290.16, P< 0.001], but no significant main effect of group or interaction effect of group x con-
dition. Valence was significantly lower for the unreal condition than for the real condition
(P< 0.001).
Brain Activity during Reality Evaluation
Brain regions showing a main effect of group are listed in Table 2. At the corrected significance
level, compared to controls, patients exhibited significantly decreased activity in the right infe-
rior parietal lobule, right retrosplenial cortex, bilateral (x = -34 and x = 32) parahippocampal
gyri, and right caudate. Additional regions including the left dorsolateral prefrontal cortex, left
(x = -24) parahippocampal cortex, and left putamen were observed at the uncorrected signifi-
cance level. There was no brain region showing significantly increased activity in patients than
in controls. The significant group x condition interaction was found only in the right caudate.
In the correlations between the regional PSCs and psychotic symptom measurements in pa-
tients (Fig. 2), the PANSS positive scores were correlated with only left (x = -34) and right
(x = 32) parahippocampal gyrus activity (ρ = -0.51, P = 0.02; ρ = -0.63, P = 0.003, respectively).
The BCIS composite scores were correlated with left dorsolateral prefrontal cortex activity
(ρ = 0.49, P = 0.03) and left (x = -24) parahippocampal gyrus activity (ρ = -0.52, P = 0.02) in pa-
tients (Fig. 3A1 and 3A2), but not with any regional activity in controls. The BCIS self-
reflectiveness scores were correlated with left (x = -24) parahippocampal gyrus activity
(ρ = -0.72, P< 0.001) in patients and left middle occipital gyrus activity (ρ = -0.57, P = 0.01)
in controls.
Table 1. Clinical and behavioral data of subjects.
Patients Controls t/F P value
(n = 20) (n = 20)
RPM raw score 47.5±9.3 50.4±7.8 −1.05 0.30
RAVLT recognition 11.7±2.7 14.6±0.6 −4.55 <0.001
RCFT copy 31.3±6.3 33.5±2.0 −1.54 0.13
RCFT immediate recall 16.6±7.4 26.0±5.3 −4.55 <0.001
RCFT delayed recall 15.8±6.7 25.5±5.3 −5.02 <0.001
BCIS self-certainty 5.9±3.0 7.1±2.8 −1.36 0.18
BCIS self-reﬂectiveness 9.6±4.6 9.2±3.3 0.32 0.75
BCIS composite 3.7±4.6 2.1±2.8 1.38 0.18
Reality evaluation accuracy 5.53 0.02
Real condition 0.83±0.17 0.91±0.08
Unreal condition 0.86±0.13 0.93±0.08
Discriminability 11.69 0.002
Real condition 0.65±0.25 0.84±0.10
Unreal condition 0.69±0.23 0.88±0.08
Response bias 39.74 <0.001
Real condition 0.67±0.27 0.88±0.26
Unreal condition 0.41±0.26 0.32±0.34
Valence 290.16 <0.001
Real condition 0.73±0.39 0.86±0.16
Unreal condition −0.58±0.30 −0.78±0.31
RPM, Raven’s Progressive Matrices; RAVLT, Rey Auditory Verbal Learning Test; RCFT, Rey Complex Figure Test; BCIS, Beck Cognitive Insight Scale.
doi:10.1371/journal.pone.0120478.t001
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Brain Activity during Recognition
At the corrected significance level, compared to controls, patients showed significantly de-
creased activity in the right dorsolateral prefrontal cortex, right inferior parietal lobule, right
posterior cingulate cortex, bilateral premotor cortices, right motor cortex, and right middle
and inferior occipital gyri (Table 2). Additional regions including the left inferior parietal
Table 2. Brain regions showing a signiﬁcant main effect of group or group x condition interaction during reality evaluation and recognition.
MNI Coordinates
Regions (Brodmann area) F x y z Nvox
During reality evaluation (controlled for the RCFT copy scores)
Main effect of group
Schizophrenia < Control
Dorsolateral prefrontal cortex (9), left 15.1 -32 20 28 10
Inferior parietal lobule (39), right* 19.9 44 -70 24 56
Retrosplenial cortex (29), right* 20.0 20 -46 14 68
Parahippocampal gyrus (36), left* 15.7 -34 -44 -12 71
Parahippocampal gyrus (36), left 15.9 -24 -36 -10 15
Parahippocampal gyrus (36), right* 16.9 32 -28 -18 44
Middle occipital gyrus (19), left 15.7 -22 -78 20 20
Caudate, right* 24.8 8 24 6 110
Putamen, left 19.1 -28 4 -14 15
Schizophrenia > Control
None
Group x condition interaction
Caudate, right* 24.2 8 24 10 41
During recognition (controlled for the RCFT delayed recall scores)
Main effect of group
Schizophrenia < Control
Dorsolateral prefrontal cortex (9), right* 23.8 44 28 22 62
Inferior parietal lobule (39), right* 17.3 38 -64 32 41
Inferior parietal lobule (40), left 18.3 -46 -44 46 19
Parietal operculum (43), left 17.1 -38 -10 24 15
Posterior cingulate cortex (23), right* 19.0 28 -52 26 26
Parahippocampal gyrus (36), left 20.3 -36 -6 -26 22
Premotor cortex (6), left* 29.4 -24 -6 48 59
Premotor cortex (6), right* 16.1 28 10 46 56
Motor cortex (4), left 17.1 -42 -2 24 14
Motor cortex (4), right* 20.6 42 2 28 47
Somatosensory cortex (2), left 21.5 -52 -12 20 12
Fusiform gyrus (37), left 16.6 -50 -52 -14 18
Middle occipital gyrus (19), right* 24.3 44 -60 14 57
Inferior occipital gyrus (19), right* 27.4 38 -72 -8 75
Schizophrenia > Control
None
MNI, Montreal Neurological Institute; Nvox, number of voxels; RCFT, Rey Complex Figure Test
All regions listed had the signiﬁcance level of uncorrected P < 0.001 and above 10 voxels.
*signiﬁcant at AlphaSim-corrected P < 0.05.
doi:10.1371/journal.pone.0120478.t002
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lobule, left parietal operculum, and left parahippocampal cortex were observed at the uncor-
rected significance level. There was no brain region showing significantly increased activity
in patients than in controls or significant group x condition interaction. In the correlation
analyses, there was no brain region showing significant correlation with psychotic symptom
measurements in patients. The BCIS composite scores were correlated with right posterior
cingulate cortex activity (ρ = 0.65, P = 0.002) and right inferior parietal lobule activity
(ρ = 0.53, P = 0.02) in patients (Fig. 3B1 and 3B2), but not with any regional activity in con-
trols. The BCIS self-reflectiveness scores were correlated with right inferior parietal lobule ac-
tivity (ρ = 0.59, P = 0.01) in patients and right motor cortex activity (ρ = 0.51, P = 0.02)
in controls.
Fig 2. Brain regions showing a significant group difference in reality evaluation-related activity and their correlations with the Positive and
Negative Syndrome Scale (PANSS) positive scores. Scatter plots depict the relationship between the regional percent signal change and PANSS positive
scores in patients. The percent signal changes of the left and right parahippocampal gyri during reality evaluation were significantly lower in patients than in
controls, and they were significantly correlated with the PANSS positive scores in patients *Significant finding at P< 0.05.
doi:10.1371/journal.pone.0120478.g002
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Regional Correlations between Reality Evaluation and Recognition
As shown in Fig. 4, significant regional correlations in patients were found between left (x = -24)
parahippocampal gyrus activity during reality evaluation and activity of the right posterior cingu-
late cortex (ρ = -0.65, P = 0.002), right inferior parietal lobule (ρ = -0.54, P = 0.01), and right mid-
dle occipital gyrus (ρ = -0.64, P = 0.002) during recognition, and between right retrosplenial
cortex activity during reality evaluation and right inferior parietal lobule activity (ρ = -0.46,
P = 0.04) during recognition. In controls, there were significant correlations between right inferi-
or parietal lobule activity during reality evaluation and right posterior cingulate cortex activity
(ρ = -0.49, P = 0.03) during recognition. Comparisons of correlation coefficients between the
two groups showed a significant difference in the correlations between left (x = -24) parahippo-
campal gyrus activity during reality evaluation and activity of the right posterior cingulate cortex
(P = 0.02), right inferior parietal lobule (P = 0.03), and right middle occipital gyrus (P = 0.03)
during recognition.
Discussion
Consistent with our hypothesis and in agreement with our previous study [1], we found that
patients with schizophrenia were less accurate during reality evaluation than healthy controls,
suggesting that patients have deficits in reality evaluation. In addition, patients showed signifi-
cantly decreased discriminability compared to controls, and this group difference remained
Fig 3. Brain regions showing a significant group difference and correlation with the Beck Cognitive Insight Scale (BCIS) composite scores. Scatter
plots depict the relationship between the regional percent signal change and BCIS composite scores in patients and controls. The percent signal changes of
the left dorsolateral prefrontal cortex (DLPFC) (A1) and left parahippocampal gyrus (A2) during reality evaluation were significantly lower in patients than in
controls, and they were significantly correlated with the BCIS composite scores in patients, but not in controls. The percent signal changes of the right inferior
parietal lobule (IPL) (B1) and right posterior cingulate cortex (PCC) (B2) during recognition were significantly lower in patients than in controls, and they were
significantly correlated with the BCIS composite scores in patients, but not in controls. *Significant finding at P< 0.05.
doi:10.1371/journal.pone.0120478.g003
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significant even after controlling for the RCFT delayed recall scores. This finding suggests that
recognizing real/unreal stimuli was more challenging to patients than the RCFT recall proce-
dure. Compared to the figure of the RCFT, the real/unreal stimuli would require the processes
of understanding the context, and this additional required process might make the recognition
process more difficult.
Patients showed decreased activity in the bilateral parahippocampal gyri during reality eval-
uation. As one of the major components of the context network, the parahippocampal gyrus is
involved not only in declarative memory process, but also in context appraisal [3]. As a recent
study demonstrated that patients with schizophrenia were impaired in the context processing
and this impairment could lead to poor integration of information during encoding [23], defi-
cient context appraisal may prevent a subject from getting sufficient information to judge the
reality of stimuli, eventually disturbing the reality evaluation process. Furthermore,
Fig 4. The relationship between reality evaluation-related activity and recognition-related activity.Dotted lines represent significant correlations in
patients, whereas a solid line indicates a significant correlation in controls. Particularly, thick dotted line represents a significant difference in correlation
coefficients between patients and controls. PHG, parahippocampal gyrus; IPL, inferior parietal lobule; RSC, retrosplenial cortex; PCC, posterior cingulate
cortex; MOG, middle occipital gyrus.
doi:10.1371/journal.pone.0120478.g004
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parahippocampal gyrus activity during reality evaluation was negatively correlated with the
PANSS positive scores, and this is consistent with previous studies which found the significant
association between abnormal activation in the parahippocampal gyrus and positive symptoms
in schizophrenia [24–25]. Because dysfunctional parahippocampal gyrus has been related to
impaired context appraisal [25–26], this dysfunction may lead to errors in validating external
sensory inputs and internal mental representation, predisposing patients with schizophrenia to
hallucinations and delusions. Taken together, functional abnormalities in the parahippocampal
gyrus may play an important role in the formation of psychotic symptoms in schizophrenia.
Decreased activity in the retrosplenial cortex during reality evaluation in patients can also
be relevant to impairment in context appraisal in that this region has been regarded as a com-
ponent of context network [4,27]. The retrosplenial cortex has been suggested to mediate both
spatial and non-spatial contextual processing and contribute to contextual elements of episodic
memory [28]. Although both the parahippocampal gyrus and retrosplenial cortex are involved
in the processing of contextual information, these regions may play a different role. For exam-
ple, a previous fMRI study proposed that the retrosplenial cortex represents abstracted proper-
ties of an object context, whereas the parahippocampal gyrus processes physical properties
[29]. Therefore, parahippocampal and retrosplenial dysfunctions may be related to reality eval-
uation impairment in schizophrenia through separate involvement in context appraisal.
Compared to controls, decreased activity in the inferior parietal lobule during reality evalua-
tion was found in patients. In addition, although not significant after AlphaSim correction, pa-
tients showed decreased activity in the dorsolateral prefrontal cortex during reality evaluation.
Because the inferior parietal lobule and dorsolateral prefrontal cortex are the brain regions sub-
serving relational reasoning [30], this finding can be interpreted in terms of reasoning abnor-
mality. During reality evaluation process, subjects should judge the reality of stimuli according
to norms of reality [1], which is closely related to relational reasoning. Our data suggest that
anomalous reasoning may contribute to impairment in reality evaluation in schizophrenia.
The BCIS composite scores were correlated with dorsolateral prefrontal activity in patients.
Cognitive insight reflects the ability to consider a number of information, perspectives and al-
ternative hypotheses at the same time and process relationships between them to make correct
judgments [20]. Because this ability would need the relational reasoning process, our findings
suggest that poor cognitive insight may be related to reasoning abnormality in schizophrenia.
During recognition, patients exhibited decreased activity in the inferior parietal lobule and
posterior cingulate cortex. Recent neuroimaging studies have demonstrated memory-related
activation in these two regions [31]. The inferior parietal lobule is typically involved in episodic
memory retrieval [32,33], probably by bottom-up attention processes, which refers to atten-
tional guidance purely by the saliency of incoming information and is mediated by the ventral
fronto-parietal system [34]. The posterior cingulate cortex receives input from the posterior
hippocampus [35] and also plays a role in the memory process [36]. In addition, our study
showed that inferior parietal lobule activity and posterior cingulate cortex activity were posi-
tively correlated with the BCIS composite scores in patients. These results further supports a
previous assertion that cognitive insight in patients with schizophrenia may rely on declarative
memory processes whereby current experiences are appraised based on previous ones [13].
Since poorer cognitive insight was related to more severe psychotic symptoms in schizophrenia
[14], disturbances in declarative memory processes might be associated with hallucinations
and delusions in patients with schizophrenia, which is in line with our previous finding that
discriminability for the real pictures was correlated with the severity of hallucinations in pa-
tients [1].
In patients, decreased activity of the left parahippocampal gyrus during reality evaluation
was related to increased activity of the right inferior parietal lobule and right posterior cingulate
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cortex during recognition, while decreased activity of the right retrosplenial cortex during reali-
ty evaluation was related to increased activity of the right inferior parietal lobule. Decreased ac-
tivity of the parahippocampal gyrus and retrosplenial cortex was related to impaired context
appraisal, and increased activity in the inferior parietal lobule and posterior cingulate cortex
was associated with better cognitive insight. The parahippocampal gyrus has reciprocal con-
nections with the inferior parietal lobule, posterior cingulate cortex and retrosplenial cortex
[37]. Thus, these findings suggest that the inferior parietal lobule and posterior cingulate cortex
might be activated to enhance cognitive insight and to compensate for impaired processing of
context caused by deficient activation of the parahippocampal gyrus and retrosplenial cortex.
The negative correlation between left parahippocampal gyrus activity and the BCIS composite
score in patients might be due to the relationship between increased parahippocampal gyrus
Fig 5. Proposedmodel of the reality evaluation process. PHG, parahippocampal gyrus; RSC, retrosplenial cortex; DLPFC, dorsolateral prefrontal cortex;
PCC, posterior cingulate cortex; IPL, inferior parietal lobule.
doi:10.1371/journal.pone.0120478.g005
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activity and decreased inferior parietal lobule and posterior cingulate cortex activity, which
showed a positive correlation with the BCIS composite score.
Based on previous studies and our results, we propose a model of the reality evaluation pro-
cess (Fig. 5), which consists of three phased processes contributing to the formation and main-
tenance of hallucinations and delusions. The first process—“context appraisal”—is thought to
be mediated by the context network including the parahippocampal gyrus and retrosplenial
cortex. The second process, “relational reasoning,” is involved in judging the reality of stimuli
according to norms of reality, which is suggested to be mediated by the dorsolateral prefrontal
cortex and inferior parietal lobule. The third process, “declarative memory,” is thought to be
mediated by the inferior parietal lobule and posterior cingulate cortex. This process is closely
related to cognitive insight, which may be involved in improvement of hallucinations and delu-
sions. Thus, enhancing cognitive insight may be compensation for reality evaluation im-
pairment in schizophrenia.
Several limitations should be acknowledged. First, patients in this study were taking antipsy-
chotic medications and in a state of chronic illness with multiple episodes. Therefore, it is un-
clear whether the behavioral and neural impairments of reality evaluation and recognition are
their trait or state. Although no evidence exists about the relationship between antipsychotics
and reality evaluation process, it is possible that antipsychotic medication affects regional brain
activity related to the reality processing. Second, viewing a drawing in the MRI scanner can be
different from reality monitoring in real life. Third, cognitive measurements were limited to
reasoning and memory. Although other cognitive functions such as executive functions and at-
tention were not considered to be a main confounding factor, they can affect task performance.
In conclusion, this study demonstrated that impairments in reality evaluation and recogni-
tion appear to be related to abnormal functioning in the context network, and anomalous ap-
praisal and processing of context may contribute to positive symptoms in schizophrenia. The
significant association between activity in memory-related brain regions and cognitive insight
further suggests that declarative memory processes may play an important role in cognitive in-
sight in patients with schizophrenia. In addition, memory-related brain regions may be activat-
ed to enhance cognitive insight and to compensate for reality evaluation impairment. The
current study provides new insights into the pathophysiology of positive symptoms
in schizophrenia.
Acknowledgments
The authors would like to thank Mr. Dong-Il Kang and Se Young Kim in Severance Hospital
for their technical support.
Author Contributions
Conceived and designed the experiments: SHL JJK. Performed the experiments: JWC SHL. An-
alyzed the data: JSL EK. Contributed reagents/materials/analysis tools: SKL. Wrote the paper:
JSL JJK.
References
1. Lee JS, Chun JW, Lee SH, Kang DI, Kim JJ. Association of impaired reality processing with psychotic
symptoms in schizophrenia. Psychiatry Res. 2013; 210: 721–728. doi: 10.1016/j.psychres.2013.07.
035 PMID: 23992791
2. Crone EA, Wendelken C, van Leijenhorst L, Honomichl RD, Christoff K, Bunge SA. Neurocognitive de-
velopment of relational reasoning. Dev Sci. 2009; 12: 55–66. doi: 10.1111/j.1467-7687.2008.00743.x
PMID: 19120413
Reality Processing and Cognitive Insight in Schizophrenia
PLOS ONE | DOI:10.1371/journal.pone.0120478 March 20, 2015 13 / 15
3. Rudy JW. Context representations, context functions, and the parahippocampal-hippocampal system.
Learn Mem. 2009; 16: 573–585. doi: 10.1101/lm.1494409 PMID: 19794181
4. Burgess N, Maguire EA, Spiers HJ, O'Keefe J. A temporoparietal and prefrontal network for retrieving
the spatial context of lifelike events. Neuroimage. 2001; 14: 439–453. PMID: 11467917
5. Ledoux AA, Phillips JL, Labelle A, Smith A, Bohbot VD, Boyer P. Decreased fMRI activity in the hippo-
campus of patients with schizophrenia compared to healthy control participants, tested on a wayfinding
task in a virtual town. Psychiatry Res. Neuroimaging. 2013; 211: 47–56. doi: 10.1016/j.pscychresns.
2012.10.005 PMID: 23352276
6. Watson CE, Chatterjee A. A bilateral frontoparietal network underlies visuospatial analogical reasoning.
Neuroimage. 2012; 59: 2831–2838. doi: 10.1016/j.neuroimage.2011.09.030 PMID: 21982934
7. Mackey AP, Miller Singley AT, Bunge SA. Intensive reasoning training alters patterns of brain connec-
tivity at rest. J Neurosci. 2013; 33: 4796–4803. doi: 10.1523/JNEUROSCI.4141-12.2013 PMID:
23486950
8. Feng X, Peng L, Chang-Quan L, Yi L, Hong L. Relational complexity modulates activity in the prefrontal
cortex during numerical inductive reasoning: an fMRI study. Biol Psychol. 2014; 101: 61–68. doi: 10.
1016/j.biopsycho.2014.06.005 PMID: 24995915
9. Ramsey NF, Koning HA, Welles P, CahnW, van der Linden JA, Kahn RS. Excessive recruitment of
neural systems subserving logical reasoning in schizophrenia. Brain. 2002; 125: 1793–1807. PMID:
12135970
10. Brebion G, David AS, Jones H, Pilowsky LS. Hallucinations, negative symptoms, and response bias in
a verbal recognition task in schizophrenia. Neuropsychology. 2005; 19: 612–617. PMID: 16187879
11. Ragland JD, Moelter ST, McGrath C, Hill SK, Gur RE, Bilker WB, et al. Levels-of-processing effect on
word recognition in schizophrenia. Biol Psychiatry. 2003; 54: 1154–1161. PMID: 14643082
12. Brebion G, Smith MJ, Amador X, Malaspina D, Gorman JM. Word recognition, discrimination accuracy,
and decision bias in schizophrenia: association with positive symptomatology and depressive symp-
tomatology. J Nerv Ment Dis. 1998; 186: 604–609. PMID: 9788636
13. Lepage M, Buchy L, Bodnar M, Bertrand MC, Joober R, Malla A. Cognitive insight and verbal memory
in first episode of psychosis. Eur Psychiatry. 2008; 23: 368–374. doi: 10.1016/j.eurpsy.2008.02.003
PMID: 18374546
14. Bora E, Erkan A, Kayahan B, Veznedaroglu B. Cognitive insight and acute psychosis in schizophrenia.
Psychiatry Clin Neurosci. 2007; 61: 634–639. PMID: 18081624
15. Zierhut K, Bogerts B, Schott B, Fenker D, Walter M, Albrecht D, et al. The role of hippocampus dysfunc-
tion in deficient memory encoding and positive symptoms in schizophrenia. Psychiatry Res. 2010; 183:
187–194. doi: 10.1016/j.pscychresns.2010.03.007 PMID: 20702070
16. First MB, Gibbon M, Spitzer RL, Williams JBW. Structured Clinical Interview for DSM-IV Axis I Disor-
ders. New York: New York State Psychiatric Institute Biometric Research. 1996.
17. Raven J, Court J, Raven J. Manual for Raven's progressive matrices and vocabulary scales: Section 3
Standard progressive matrices. London: Lewis. 1988.
18. Rey A. L'Examen Clinique en Psychologie. Paris: Presses Universitaires de France. 1964.
19. Meyers JE, Meyers KR. Rey Complex Figure Test and Recognition Trial: Professional Manual. Lutz,
FL: Psychological Assessment Resources. 1995.
20. Beck AT, Baruch E, Balter JM, Steer RA, Warman DM. A new instrument for measuring insight: the
Beck Cognitive Insight Scale. Schizophr Res. 2004; 68: 319–329. PMID: 15099613
21. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale (PANSS) for schizophrenia.
Schizophr Bull. 1987; 13: 261–276. PMID: 3616518
22. Snodgrass JG, Corwin J. Pragmatics of measuring recognition memory: applications to dementia and
amnesia. J Exp Psychol Gen. 1988; 117: 34–50. PMID: 2966230
23. Talamini LM, de Haan L, Nieman DH, Linszen DH, Meeter M. Reduced context effects on retrieval in
first-episode schizophrenia. PLoS One. 2010; 5: e10356. doi: 10.1371/journal.pone.0010356 PMID:
20436915
24. Gradin VB, Kumar P, Waiter G, Ahearn T, Stickle C, Milders M, et al. Expected value and prediction
error abnormalities in depression and schizophrenia. Brain. 2011; 134: 1751–1764. doi: 10.1093/brain/
awr059 PMID: 21482548
25. Surguladze S, Russell T, Kucharska-Pietura K, Travis MJ, Giampietro V, David AS, et al. A reversal of
the normal pattern of parahippocampal response to neutral and fearful faces is associated with reality
distortion in schizophrenia. Biol Psychiatry. 2006; 60: 423–431. PMID: 16487943
Reality Processing and Cognitive Insight in Schizophrenia
PLOS ONE | DOI:10.1371/journal.pone.0120478 March 20, 2015 14 / 15
26. Prasad KM, Rohm BR, KeshavanMS. Parahippocampal gyrus in first episode psychotic disorders: a
structural magnetic resonance imaging study. Prog Neuropsychopharmacol Biol Psychiatry. 2004; 28:
651–658. PMID: 15276690
27. Suzuki M, Tsukiura T, Matsue Y, Yamadori A, Fujii T. Dissociable brain activations during the retrieval
of different kinds of spatial context memory. Neuroimage. 2005; 25: 993–1001. PMID: 15808999
28. Keene CS, Bucci DJ. Contributions of the retrosplenial and posterior parietal cortices to cue-specific
and contextual fear conditioning. Behav Neurosci. 2008; 122: 89–97. doi: 10.1037/0735-7044.122.1.
89 PMID: 18298252
29. Bar M, Aminoff E. Cortical analysis of visual context. Neuron. 2003; 38: 347–358. PMID: 12718867
30. Krawczyk DC. The cognition and neuroscience of relational reasoning. Brain Res. 2012; 1428: 13–23.
doi: 10.1016/j.brainres.2010.11.080 PMID: 21129363
31. Wagner AD, Shannon BJ, Kahn I, Buckner RL. Parietal lobe contributions to episodic memory retrieval.
Trends Cogn Sci. 2005; 9: 445–453. PMID: 16054861
32. O'Connor AR, Han S, Dobbins IG. The inferior parietal lobule and recognition memory: expectancy vio-
lation or successful retrieval? J Neurosci. 2010; 30: 2924–2934. doi: 10.1523/JNEUROSCI.4225-09.
2010 PMID: 20181590
33. Donaldson DI, Wheeler ME, Petersen SE. Remember the source: dissociating frontal and parietal con-
tributions to episodic memory. J Cogn Neurosci. 2010; 22: 377–391. doi: 10.1162/jocn.2009.21242
PMID: 19400677
34. Cabeza R. Role of parietal regions in episodic memory retrieval: the dual attentional processes hypoth-
esis. Neuropsychologia. 2008; 46: 1813–1827. doi: 10.1016/j.neuropsychologia.2008.03.019 PMID:
18439631
35. Wang L, Laviolette P, O'Keefe K, Putcha D, Bakkour A, Van Dijk KR, et al. Intrinsic connectivity be-
tween the hippocampus and posteromedial cortex predicts memory performance in cognitively intact
older individuals. Neuroimage. 2010; 51: 910–917. doi: 10.1016/j.neuroimage.2010.02.046 PMID:
20188183
36. Kim H, Daselaar SM, Cabeza R. Overlapping brain activity between episodic memory encoding and re-
trieval: roles of the task-positive and task-negative networks. Neuroimage. 2010; 49: 1045–1054. doi:
10.1016/j.neuroimage.2009.07.058 PMID: 19647800
37. Aggleton JP. Multiple anatomical systems embedded within the primate medial temporal lobe: implica-
tions for hippocampal function. Neurosci Biobehav Rev. 2012; 36: 1579–1596. doi: 10.1016/j.
neubiorev.2011.09.005 PMID: 21964564
Reality Processing and Cognitive Insight in Schizophrenia
PLOS ONE | DOI:10.1371/journal.pone.0120478 March 20, 2015 15 / 15
